The products of microbial transformation of 2,4-dinitrotoluene by Mucrosporium sp. were identified by thin-layer chromatography and by gas chromatography/mass spectrometry as 2-amino-4-nitrotoluene, 4-amino-2-nitrotoluene, 2,2'-dinitro-4,4'-azoxytoluene, 4,4'-dinitro-2,2'-azoxytoluene, and 4-acetamido-2-nitrotoluene. A third azoxy compound, believed to be a "mixed" type (i.e., 2,4'-azoxy or 4,2'-azoxy), was isolated but not yet identified.
Water discharges and effluents from ammunition plants, loading facilities, and demilitarization operations contain low levels of a variety of nitro aromatic compounds, including 2,4-dinitrotoluene (DNT) and 2,4,6-trinitrotoluene (TNT). Low levels of these compounds are toxic to various forms of life, including mammals (6) . The metabolic fate of TNT has been documented (4, 5, 7, 10, 13, 15) , and it does not involve cleavage of the aromatic ring with subsequent degradation of the molecule; instead, TNT is transformed into a variety of products. Although both nitro groups of DNT are capable of undergoing enzymatic reduction to amino groups (7) , knowledge of the metabolic fate of DNT and of the nature of the resulting biotransformation products is lacking. In this paper we describe the isolation, identification, and synthesis of these products and propose a pathway for their formation.
MATERLU,S AND METHODS Growth of cultures. A synthetic medium (8) 2a and 2b, Fig. 1B) . Area 3 was resolved into two bands (Fig. 1C) after two passes in benzene-hexane; the upper area (band 3b) separated quite cleanly from the rather diffuse lower area (band 3a). Area 3a was eluted and rechromatographed through four passes of multiple development and was resolved into bands 3a, and 3a2 (Fig. 1D) .
Co-chromnatography of the unknowns with the reference compounds (Fig. 1E-J) suggested the following identifications: (1) 4Ac2NT; (2) 4A2NT; (2b) 2A4NT; (3a,) 2,2'Az; (3b), 4,4'Az; and (4) DNT. TLC and GC/MS analyses of a solution of the 4HA reference compound indicated the presence of a mixture of 4HA, 4A2NT, and 4,4'Az. This apparent instability of 4HA may explain the absence of hydroxylamino intermediates in the microbial transformations of DNT and the increased concentration of other metabolites (i.e., aminotoluidines and azoxy compounds). Under aerobic conditions it is probable that chemical species containing the hydroxylamino group persist long enough to undergo oxidative coupling to form the azoxy compounds we have observed. A similar nonenzymatic oxidation of N-phenylhydroxylamine to azoxybenzene in the presence of atmospheric oxygen has been reported (1). Under less aerobic conditions, nitro group reduction would proceed to the amino stage by enzymatic reduction of the intermediate hydroxylamino species.
Identities of the synthesized reference compounds and of the unknowns were confirmed by GC/MS. GC/MS analysis of unknown 1 showed a molecular ion at m/e 194, suggesting an acetyl or propyl group attached to a nitrotoluidine residue. Accordingly, the suspected compounds, 2Ac4NT and 4Ac2NT, were synthesized. In addition to the parent ion mle 194, unknown 1 exhibited two major fragment ions at m/e 135 and 107, which were also exhibited by reference compound 4Ac2NT but not by 2Ac4NT. (Fig. IC, D) . The mass spectrum of 3a2 exhibited ions at mle 316 (M+), 301, and 106, suggesting that unknown 3a2 was an azoxy compound of the "mixed" type, i.e., 2,4'Az or 4,2'Az.
We are currently attempting to synthesize a mixed azoxy compound of this type for use as a reference compound in the identification of unknown 3a2.
A scheme for the biotransformation of DNT is presented in Fig. 2 . No compounds soluble in DCM, other than those reported, were detected in the concentrated extracts. No additional UV quenching areas corresponding to hydroxylamino or nitroso compounds were detected, but these intermediates are included in the scheme (enclosed in brackets) because the reduction of DNT to 2A4NT and 4A2NT proceeds through the nitroso and hydroxylamino compounds (14) . Although no 2,4-diaminotoluene was detected in the present system, complete reduction of both nitro groups to amino groups has been reported in the biotransformation of DNT by anaerobic bacterial systems (7); hence, to generalize, this compound is included in Fig. 2. 
